The atomic ordering in complex perovskite alloys is investigated by the cluster variation method (CVM). For the 1/3{111}-type ordered structure, the orderdisorder phase transition is the first order, and the order parameter of the 1:2 complex perovskite reaches its maximum near x=0.25. For the 1/2{111}-type ordered structure, the ordering transition is the second order. Phase diagrams for both ordered structures are obtained. The order-disorder line obeys the linear law.
In relaxors, it is widely accepted that the presence of the nanoscale ordered microregions is responsible for the relaxor behaviors. perovskites. 10 In addition, the first-principle calculations were conducted to describe the ordering in some cases.
11-13
It has been revealed 14, 15 that the Fourier transforms of the atomic interactions play important roles in the atomic ordering. In this paper, we adopt the parameters in the reciprocal space of atomic interactions and conduct a cluster variation method (CVM) 16 calculation to investigate the order-disorder transitions in complex perovskites.
II. METHOD
When considering the atomic ordering in complex perovskites, we can model (1 − 
where
is the effective-interaction energy. In a purely Coulomb picture 10 , W (R) ∝ 1/R. In the nearest-neighbor Coulomb picture 9 , W (R) is equal to zero unless R is the nearest neighbor. Different from the two pictures, we do not make any assumption on the form of W (R) here. The energy of the system with a certain configuration {σ(R)} can be expressed as
where E 0 is a constant independent on {σ(R)}.The average value of the energy is (E 0 is neglected)
where P ({σ(R)}) is the statistic probability of the configuration {σ(R)}, and
is the pair occupation probability.
When the atomic interaction is long range, Eq. (3) is difficult to handle in CVM because a large cluster should be used to contain the long-range interaction. Therefore, some approximation should be made.
Expand X σσ ′ (R, R ′ ) in a Fourier transform:
and substituting it into Eq. (3) yields
where V (k) is the Fourier transform of W (R):
For a certain ordered structure, only a few Q σσ ′ (k, −k) in Eq. (5) are nonzero under the single-particle approximation. 14, 17 We assume that this property is still valid in CVM.
The assumption is not absurd since in experiments there are only a few superlattices for a certain ordered structure. Thus Eq. (5) Only the superlattice Q σσ ′ (k = 1/2{111}) are nonzero. Then the energy is reduced to
By using the symmetry of the ordered structure, we can evaluate Q σσ ′ (k = 1/2{111}) from a small cluster and deal with Eq. (7) in CVM. It is noted that V (k = 1/2{111}) involves any long distance interactions. For the 1/3{111}-type ordered structure, lattice sites are divided into three groups,
Four-point basic clusters ( Fig. 1 ) are chosen in our CVM calculation.
III. RESULTS
The 1/2{111}-type ordered structure occurs in both 1:2 and 1:1 complex perovskites.
is required since it is a necessary condition for the 1/2{111}-type ordered structure to appear.
First, the ordering transition type is specified. The long-range order parameters (LRO)
are defined as
which represent the occupation-probability difference between nonequivalent sites. η for B ′ , Fig. 3 .) It shows that η decreases gradually to zero when increasing temperature.
So the ordering transition is the second order. For 1:1 complex perovskites (c=1/2), the transition is also the second order. The 1/2{111}-and 1/3{111}-type ordered structures are separately discussed above. In actual cases, which ordered phase to appear is determined by the free energy, i.e., at a certain composition, the ordered phase with the minimal free energy will become the equilibrium phase and can be observed in experiments.
In the investigations above, the model is parameter-free in the sense that V 
